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early  work  of  \«>^'e!  in  1^71.  was  of  use  chiefly  in  -imwini;  the  ccurect- 
ness  of  the  Doppier  principle  and  in  indicatini;  the  po~^illility  of  olitain- 
iiiK  liy  more  (lowcrful  apparatus  an  accurate  value  of  the  solar  rotation. 
Vounj:,  in  lS7ti.  with  a  dilTraction  irratiiii;  spectmsioix'  measured  the 
displaceiiieiit  of  the  lines  at  the  sun's  ei|uator.  showing;  that  the  \-eloeity 
of  rotation  lliereliy  ohtained  a<;i'eed  with  that  iletermined  from  the 
ohservation  of  siinspdts.  Duner  at  I'psala,  in  1^^"<.  Iieiian  his  chis-^ical 
researches  u)ion  the  solar  rotation  continued  throii<;h  InM)  and  l^UO. 
and  i(')>eateil  in  the  years  I'.Mll  to  KMKV      His  oli.-ervat ions  made  with 
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All  the  liic;isiii('-i  mIxivc  rrfctncj  to  \v<'rc  ohtiimi'ij  visuallv  and, 
!ilfliiiii;;li  .Icui'll  riiMil"'  siiiiit'  ph(>t(i<;ra[»liic  oliscrvatiiiiis  at  Maltiinort'. 
nil  ri'-iilt-i  Wf'i-c  |)\ilpli-<lii'il.  Till'  practical  inception  nf  ilic  plmtoc^rapliic 
nictlM"!  with  \U  many  advanlap's  is  iliir  to  AdairH  at  Mf.  Wilson  wlm. 
ii>ini,'  the  Si\(iw  ami  lower  telesco|M's  in  l!M)(i-7  ami  in  KMts,  witl  st... 
tionarv  -pect rosxraplis  of  lii);li  dispersion,  olitained  results  of  reniurk- 
alile  acciiraiy  uitii  prolialili'  error>  several  times  lower  than  those  of  the 
earlier  ehservaiiotis.  lie  used  the  !e;jion  in  the  violet  U'tween  /  IL'(K) 
ami  /  l.'{(MI  with  a  linear  disjM-rsion  (»•?  and  ()-(i,  Angstrom  to  the  inilli- 
iiHtre.  His  results  uidicate  that  the  rotation  rate  is  practically  con- 
stant, thus  dilTerini;  from  Halm.  The  value  obtained  from  dilTerent 
rlenients  varies  sliglitly  seeming  to  depend  upon  llieir  heiglit  in  tiic 
i^'veisitiK  layer,  ami  tliis  is  paiticiilarly  sjiown  for  the  H,,  line  and  for 
('a  f.'J7.  whose  rotational  velocities  aiv  about  .'?  '  ;  gn-aier  tlian  tliat 
of  the  general  nversinj;  layer 

.\t  the  n.cting  of  the  Intermitional  I'nioii  for  Co-oiM-ration  in 
Solar  liesearch.  lield  at  Mt.  Wil.son  la.st  .\ugust.  wliich  one  of  ns  liad 
tlie  privilege  of  attending,  a  committee  consisting  of  Messrs.  .\(lams, 
Helopolsky,  Dyson,  Xewall.  1''  -' ,t  and  Schlesinger  was  ap|)ointed, 
the  .|uestion  was  carefully  discu-sed  aiwl  arrangements  made  for  a 
comliined  attack  on  the  various  pha.ses  of  the  jirohlem.  To  this  end 
sel.'cti'd  regions  of  the  spectrum,  U'tween  /  .'{(((Ml  and  /  (iKM).  were 
allotted  to  eacli  memlier  for  olKservation.  and  in  addition  a  general 
region,  tluit  already  used  l)y  Adams,  lietweeii  /  12_>()  and  /  I'jso  w;>s 
ciiosen  tor  universal  observation  to  serve  as  a  « '  ck  upon  instrumental 
or  jiersonal  errors.  The  it>gion  aliotteii  to  tin  Dominion  ( )l)servatory 
is  from  /  .").")(M)-  /  ."iTOO.  the  latitudes  to  U'  observed  0°,  l.")"^,  ;$()■=,  t.-,o, 
('(0°  and  7.')°,  to  wliich  are  to  Ix-  added,  if  possible,  the  higher  latitudes 
S(l°  ami  ,S.")°.  Ill  I  his  region,  lines  are  to  1h'  selected  from  as  many 
elements  as  ])ossible,  especially  tliose  of  liigli  or  low  atomic  weight,  in 
order  to  throw  light  upon  the  (Hieslion  of  ditTeivnccs  in  rotational  value 
for  different  elements. 

A  descriinion  of  tlie  coelostat  tel.  -cpe  employed  to  produce  the 
sun's  images  examined  in  tlie  present  work,  is  i;iven  in  the  Report  of 
the  Chief  Astronomer.' 

This  instrument  is  mounted  in  a  .oiivred  house  (jiaft  of  which 
may  be  rolled  back  to  admit  the  sunlight)  which  is  connected  by  means 
of  a  lodvred  passage  to  a  tunnel  whicii  enters  the  Solar  Research 
I.aboracory  .>n  the  noiih  .side  of  tlie  Ob.servatorv.  It  consists  e.s.sen- 
tiaily  of  a  plane  silvered  mirror  twenty  inches  in  diameter  mounted 


'   I'ia-kctt.  Report  of  the  t'hii'f  .Vstronomcr  for  the  voar  cniiin):  .March  31    KHKl 
pp.  L'((7-2l)9. 
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witli  its  uxis  (Mtintins  In  tlir  inrlli  pulf  ami  iliiviti  by  rlurkwui  k.  >i> 
that  it  ilii-'ris  till-  -mi's  Ix-aiiis  ■nitliwafl  tu  aiinthiM- 1  wnity-mili  plain' 
ininiif.  wliii'li  ill  turn  ntlfcts  thr  siiiilit;hl  imrlliwanl  ti>  an  riL'l^io'n- 
incli  <'iiiwavf  mirini  'I'liis  iniiror  rt'tlfcts  thr  lii;ht  suiitliward  into  tlic 
solar  hil>oratory.  focu--iiit;  tli<"  iinaici-  at  aliout  s()  fret.  'I'hi'  pniiiarv 
mirror  witli  its  clockwork  is  inoiintfil  on  an  iron  truck  which  mav  Ih' 
rollnl  on  iron  rails,  rtiipportcd  on  a  cement  pier,  cast  ward  or  west  ward, 
so  that  in  the  morniii);  it  mav  !»•  iiiovcd  to  one  sidi-  and  in  the  afternoon 
to  the  other  sidi  to  ^et  more  nearly  normal  n'llectioli.  'I'he  secondary 
mi  ir  is  mounted  so  that  it  :na\'  Ik-  rolled  in  a  noiilierl\ -s^nitherly 
direition  to  allow  for  the  seasonal  ihanues  in  ijeiliiiatioii  of  the  sun. 
Wy  rot  at  ill  t;  and  tilt  in;;  this  mirror  the  sunU'am  may  1"'  thrown  fairly  on 
the  conca'/e  mirror.  The  concave  mirror  may  Im'  rolled  hack  and 
forth  to  locus  (he  iinajre  at  any  i|e-ired  place  in  the  lal'or:itory  To 
this  mirror  are  i  lainpeil  two  arms  op'rated  liy  screws.  i)y  tiirnui^  which 
till'  mirror  may  !«■  tilted  in  two  direction-  u'ivini;  motions  to  ihe  imat;<' 
in  vcitical  and  hoii/.oiital  diit'ctions.  Ky  means  of  caMes  runniiiK 
through  pulleys  to  tiirninK  tlriims  '  in  the  lalioratory,  these  motions 
may  1m'  jriveii  from  iM'side  the  ima^e  .so  that  it  may  l>e  placed  in  any 
desired  po-ition.  and  any  "driftiiii:"  of  thi'  iinaire  ilue  to  irregularities 
in  the  drivinu;  of  the  clock  or  to  atmospheric  disturlianccs  may  i«' 
rorii'cted.  A  similar  device  is  In'iii;;  installed  so  that  the  I'oi  us  may 
1k'  altered  from  a  point  in  the  lalxu'atory.  The  priin;iry  miiior  is 
Covered  tiy  a  white  wiiiilow  blind,  o[«'rati'il  l>y  means  of  a  striiii;  li'adilii; 
into  the  hilKirat'  ry,  and  used  to  protect  tin  'iiirror,  when  not  in  u-e. 
ftoni  ll  "  sun's  heat  which  distorts  the  surta  es  of  the  mirrors.  thu~ 
spoiling  the  definition  of  the  iimme.  The  latter  is  -elilom  |ierfi'ct  on 
account  of  the  uiisteailiness  of  the  at nios|)here.  hut  it  is  i,o:  greatly 
disturlM'd  ill  the  coelostat  house  on  account  of  the  louvres  (coveri>il 
with  canva.s  in  the  winter)  which  induce  circiilalioii  thus  prevenliiif; 
stratification  in  the  passapv 

By  means  of  this  telescope  the  sun's  iinasie  is  thr.iwn  on  the  face 
of  the  li.3-f()ot  sjM'ct ro^raph,  a  detailed  description  of  which  has  already 
lj«^0!i  fjiveii  aloliK  with  some  results  obtained  with  the  first  ^riatiii^ 
tested,-  and  the  measurement  of  SO  lines  on  one  of  the  rotation  plates 
niaile  by  it.  The  optical  pails  of  the  s|H'ctroi;raph  are:  —  .\  slit  with 
metal  jaws  providecl  with  a  micrometer,  for  adjusting  its  wiilih.  leadini; 
to  thousandths  of  an  inch;  a  si.\-incli  collimatinj;  lens  of  'JJ  ft.  10  iii.- 
focal  leiifith  for  yellow  liuht ;  and  u  plane  reilectiiii;  ^ratin};  rule.l 
tm     spiM'ultllii     metal.        The     jiails     an.'     arrani;id     on     the     "  auto- 
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c.llllil.ifllii:"  |il:ili  "I  "  ^'"1  l.inin«.  'I'lif  -ht  i-^  |il;ni'il  ;il  nil'  IK'ilf) 
til.-  Ii.rii-  111  ill.'  I.  I1-.  ami  ill.'  -nitiiii;  i>  j.!.'!...!  i>n  the  otlicr  ^'u\f  of  tin- 
|,.,i,  ,,,  .|,,||  n  iiKiriin  r  llial  tin'  liLilit  I'lniriiirii;  tliii(iiv:li  lln'  lens  is 
f,„u--..l  jii-i  l"l.'«  'li''  -lit.  :i-  illii-ii:it.'.l  III  ri'_'  I.  which  ri'pn'sciits 
a  V.  111.'  il  -.'.ii.iM  ilii'Mi'^li  thf  nil. Ml.'  ..I'  ihf  -ix'.'t roKi'Mjih  iiiiil  iiinimt- 
iii..v  S  I-  ihc  -III.  I  till'  Itii-  I'Imit.!  :il".iil  :•;>  It.  III. Ill  till'  >lil  ami  (I 
i~  ill.'  L;>atiii'^  plad'l  jM-t  I'lliin.i  iIm'  Ii'Ii-  I-  ami  ;iiijii>t('il  s.i  tliiit  its 
ml.. I  liii.  -  arc  paiall.  I  t..  lli.'  >lit.  'IIk'  l«'aiii  of  liulit  tci  i«'  r\a!iiim'<l 
i.a'--.'-  iiii'.iii;li  S  -iMT.'i.iiiii;  iHlI  I"  till  I-.  wliii-li  ii'mifi-^  it  |iaiallt'l  licfoif 
II   1,    i.'li.".  (1.  wlii.'li  I-  till!'.!  I.,  .ill'.'i't   '',L;lit   lia.'i^  tln'.UIlill  tilf  It'Iis  so  that 

,l„,  liiit.i  i,,ri;--.'-  It  Ih'I.iu  iIm'  111.  ili'i.'  II  iiiav  !«■  rsaiiuiii'.l  witli 
:ili  .  \.-|.i.'i''  ..:■  |.li..t..-ra|ilii'il  .ii  tin'  |ilatf-li<il.lfr  ('  'I'iic  fi.i'Wanl 
tilt  1.1  ill.'  i;ratiii  i-^  .^i\.'ii  l.v  tin'  -new  J  in  llif  iil'aliii'-,  "i-ll  ali.l  suitalili- 
.|,,i,i.,  [,i('--iiiv  ai;ain^t  tlic  liacic  of  tlic  matin;;.  I'lic  ^iialiii;;  in  its 
.'.11  I. -I-  III!  ill.'  -laml  <!'.  «lii<li  rr\.ilvi's  in  a  rvliinliira!  s.iclict  in  the 
|„,th<ni  n!  ill.'  .'a-1  ii'.m  tini.  H.  ..f  lln'  -j"  -I  roi;ra|>li.  ami,  liy  turning;  a 
liatiilli'  11'  allaili'.l  l.i  a  w.nni  \M.iUiii'^  in  a  tonthi'.l  -.'.•t.ir,  |\.  which 
1-  .'laiiij..'.!  I'iiii.llv  I.,  till'  -|iiiiilli'  <;',  the  ;;i'atitin  may  ln'  i.itali'.l  alxiut 
an  a\i-  |ia->iii;:  tliLHi'^li  it-  -mlacc,  thus  ililTiact in;;  any  il.'-il'c.i  l)ait 
..1  till'  -iHi'i  luni  .il'  a;iv  .ii.l.'i'  ilmnitih  the  lens  tn  ('.  My  means  of  tiic 
v.iii  :-|i.iinlt'r.  \  .  r.  '.iiii'-;s  I«>  tenth-  ..l'  a  i|('j_m('i'  may  Kc  nunli'  on  the 
M|';;  it..,!  HI',  i;,  an. I  a  ii'.'.iiil  of  tiii'-i'  icailili^s  with  the  corre.-iiomlini; 
u  l.'ii-ili-  I-  l^'jit,  -o  that  liv  tiirnini;  IT.  any  .lo'ie.l  wa\e-lenui  h.-; 
11.  I..'  al  once  .li.'.'i'le.l  In  tlu'  .'.'iiHe  .if  ('.  ami  the  iii'atnii;  i-  then 
.'lampe.l  in  tlii-  |io-iii..ii.  The  lens  ma\'  In'  shifi.  1  ami  ■■iampe.l  to  any 
locii-  !.>■  mi'an-^  of  tli.'  hamlle  II,  am!  Un'  |iosiri..|i  of  the  poiiitei',  !''.  is 
I'.'aij  nil  a  niilliliiel!.'  -.al.'  alta.'lie.l  t.i  the  liotLiln  of  U. 

rill'  |)lali'-liol.i.'i',  mail.'  t.i  talM'  _'■•")  in.  ■  I'-'  in.  plates  is  claiiipe.l 
In  the  frame  (".  ulmli  iiia\  he  rai-.'i|  ..r  low. 're. 1  liy  rack  ami  l)iiiion,  so 
thai  -.'v.ial  -trip-  of  -p.. 'Ira  ma>  1m'  put  >iile  l.y  -i.le  .in  the  same  jilate 
aipl  -p      I'll  a-  .|e-ire.|  hv  releieiii'.'  to  a  inilliinel  le  scali". 

Il'   aoiiti.in  to  tli."<e  nioti.iiis  of  the  parts,  the  s'lMM'trofiraph.  as  a 

wholi     Ma>  iie  rotate.!  almiit  its  axis  '  thus  facilitalinj;  the  study  of  the 

rolati..!.  of  il,.'  >uii  li\'  eiiaiiliiiL:  the  olisei'ver  to  i.'llei't   iliy  means  of  a 

siiital-'      -\-i.  Ill  of  ri'll.'i'liim  pri-lti-  -u.'h   as  .les.'iilieil  later)  the  lillllis 

.if  tin    -1,11  a'   iippo-iie  I'll.!-  of  aii\   .liainei.'r.  s.i  that   lliev  arc  always 

laiini-  Jia!    io   "lie   -^lit.      Ill    I'i^.  l,-\aii.l  H  ale  t  he  ends  rest  in..' .  m  the 

•"•aiiliL--   \'  ai)  :   H'.  wlii.'li  are  -iip|.nile.l  l.\'  the  rem. -lit   piei's  ]'.  1'  ,  liililt 

ill' I'ci  !.'ir  lloor.     Till' end.  .\.  is  of  haif-im'h  cast  lirass.      It  !  as  a  \- 

■.'\e   runii     i;  around   it-   liriiilar   rim   into   which   the   >emi-i'irculaf 

■-:■...     -:]■      iH   \'  is  ln'M'lle.l  to  lit.     'I'll.    '  ai'li  of  .\  is  w  rertainiular 

I'hi-k.'li.  i;.  p.'il  .11  t'lii.'l    \-ir.iiuiMi.r.  r.MiT,  |..  ."S. 
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,.,,„  ;.  ;„.  ,  II  in.  ■;  II  in.  mv.t  wln.-h  ilir  \v.p.>,l''n  \<"\  n  i-  li-.-hrlv 
scivwr.l  ami  .•1:IIU|'C,1.  Tll''  a\l.-  of  IV  whirl,  l-^  <>\  r:,<!-i|..n  \V.Mk>  in 
tiw  rvlin.liii'al  l.ra-s  l.canii-  IV.  The  -i.lr.  ,.1  1',  i.rnj..,-I  :{  in.  «n  \hv 
t,i|.  an. I  IC.  in.  on  tlir  -i.lc-^  aii'l  hulioin.  \\n-  latt.-r  Lmii;  imllr.l  -ni..olli 
1,,  -ivc  l•a^v  l"'aiin'i~  for  the  ^raini-  and  l<-n-<  inoMniin-.'-;. 

rhr  liin  t,i  A  i~  tdc.tlif.l  anil  inl.i  \hr-r  u-\U  lit-  a  u^ar  attarhcl  \n 
ill,.  ^iipiM.n  y :  I'.v  turnin-  this  i^mv  th.^  -.|.,ct  i-maph  inav  Kc  mtatcl. 
Tho  circular  I'a  nf  .\  i> -ra.luatcjin  .Ic-ivr-  aii.l  Wv  mean- of  a  ycniHT 
altaclK'd  to  .V.  tiic  air^!<-  may  l.c  iva.l  to  tcnih-  ol  a  r-n-r.  'Vbi<  is 
nrcc-aiv  in  .jcirrimnin-  th.>  -  Kast  aiM  Wc-t  -  hm-  l.v  allowini;  th.- 
inia-cofth.'sun  to.lrin  across  the  fac^  A  tan-cni  iallv  to -omc  arl.it  rarv 
line  (,n  A.  I'rom  this  ;inj:lc  ivail  on  the  wrnicr.  thc^  portion  of  tlio 
simV  .liM-.  which  lies  in  the  plane  of  the  sun'-  cpiator.  i-  .■a-ilv  f..un.l 
>inc..  the  inclination  of  these  two  lines  lo  each  other  at  anv  time  i- 
known,  ami  hence  the  arbitrary  line  on  A  may  I"'  ma.le  paiall.^l  to  anv 
ie.|nireil  .liameter  of  the  sun's  inias:e. 

The  wooilen  l.oxO.  whicii  is  stren;,lhemM  I'V  truss  ro,ls.  is  paintcl 
hlack  on  the  insi.le  ami  is  pr..vi.le,l  with  ,lia|ihi,,-ms.  M,  to  prevnt 
as  nnich  as  p,.ssil.le  the  .lilTusea  lit:!.^  reflected  from  the  lens  ami  matin;; 
from  sliikin-i  the  photoi^rapliic  plate  m  ti  hohl.M-.  C.  Theiv  i-  a  Imi-ed 
.lo,.r  ju-t  above  the  >;fatin- and  !-ns.  sot  liat  the>e  may  be  convenien'lv 
reached. 

The  box.  0.  is  lined  with  felt  to  prevent  Midden  changes  ,,f  tenijiera- 
tuiv.  and  the  en.l  H  i-  doubly  boxed  in  <irder  to  prevent  convention 
current-^  from  pa-inu'  in  front  of  the  -ratini;  and  .le-irovmi;  the  delini- 
tion.      Doors  D'  ami  D"  are  placed  ill  the  outer  box. 

Tlu'  svsteni  of  relleetiim  lu-isms  u>e,l  for  relledin-  the  liiiht  from 
opp,,site  ends  of  a  diameter  of  the  .li.c  t  hrouiih  to  the  .lit  la-  mentione.l 
above),  is  arrariied  as  shown  in  Fit;.  -*■  'I"'"'  l"'-'"'  -^^  ^'  '""'  '^  '*' 
are  mounted  on  brass  holders  on  a  solid  ca-tiu-  which  holds  at  its  centro 
the  slit  with  its  adjii^tii,.  micrometer  and  do-iuL:  -huiier.  the  whole 
beini:  mounted  on  the  fac  of  the  spect  roirraph.  I.idit  from  one  limb 
of  the  sun  enters  the  ivllectin-  prism  A  and  is  n'llect.M  throu-h  A',  which 
in  turn  reflects  the  liirht  throu-h  slit ,  S.  In  a  similar  manner.  U  rdle.'ts 
the  li,>;ht  from  tlu-  opposite  limb  throu-h  IV.  and  tin-  pri-m  directs  it 
throu.iih  the  slit.  A'  is  notched  as  shown  in  the  upper  part  of  I'm  •_• 
to  ivceive  the  end  of  IV'  in  this  way  two  beams  of  liirlit  are  retlecled 
t.)the,i;ratint!:lhrouuh  IV  with  a  beam  from  A'  i>1aced  niidwav  between 
them  ami.  eonse-pienily  A  >tnp-  of  spe.ira  an'  dilTracted  back  to  C  as 
shown  in  Fiu.  :V  Hy  inean>  of  a  small  three-toimued  mask  the  widths 
of  these  strips  and  the  spacin-  are  kept  cm-tant  for  purpo-,|s  of  niea-ur- 
iug.     The  prisms  are  adjusted  to  '.iive  even  illumination  of  \Ur  i;ratmn 
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,,v  „u.ms  ..f  tlu-  s,.n.ws  shown  .n  Ti^.  2  un,l  tlu-  nm,-!..!  ,.n,j..rn„„  h.A 

'■"';:::;:r;:;;:;';r:i::. ^..>- -):;-;;:-:;;;;:,;:: 

;:::::r;;*;-::::::''::to;;:;;;:::;:x-:r;;i:::^^:-;.:™ 

Ov..,-  theso  ,,r,s.n.  ,s  yl.-M  .  l.r.ss  ,.l.t.-  s..,-vm,  to  ,n„..    .       • 
,,,,  au.1   .M  iuiwry  ana  .ISO  pn.vi,l...  n™  o.  .u^^^^^^^ 
i„„,..  ....nnally.     Tins  is  ,1om..  t-y  a.l  o,  :.  ,nvl..  o,  'l-!'"         "      '  '  . ; 

U.l^lv  .„..t.T  ll.an  tl...  i;,vat..st  .lian.rt.T  ot  th.-  Mm  s  ,li..'       !->  tlu> 
;        !     .;  U  o  linl.  :Mius,ai.lo  wunlows  tLn-u.!,  whi.J.  h.   t   .on,  anv 

i  '     -n.!..  .h..s.-  vvin.lows  an-  littl.-  .-.,-  to  .v.-.v..  suua! -  ..  ..    s 

.'     it   .s  n...-ssarv  ,o  us,.  su..h.     Tlu-  dianu-t..,-  o,  th-  nn-  •  wl,  - 

:V..n,.aiv,lu.ou.lnh..s.- windows  is  nd..a<>nth..  plat.,  an,   ,.^^ 

,  ,Ui.  ,  ,.u>.'.-nt  is  vulnl  to  tl...  .and.-  f..,'  .l.'t.-rnunn,;:  tlw-      I.aM  and 

W.   t  ^  i uu    w  n.-ntionod  al-ov.     T..  tak-  a  rotati,.n  plat.;,  tlu-  >un  s 

/  ,  1  .(,.,1  aft.T  nas.in-  tlinn.ud.  tho  pnsn.s  ,t  .'onu-s  t.. 

:;::;,:;,:::r;  :::w:!''™;""vi;,i ;,■....• ......™...a.i, .„ 

i.M.t  at  •mv.l.-iir.l  in.dinati.mt.)  the  sun's  .Miuator. 

'       \s  2adv  stat.-.l,  U  was  ,i....i.K-,l  in  ...m.  ,..  mak.-  tW  u-t.-.-nnna- 

,i, „/.,f  ,1,'  Solar  rotation  ..n.-  ..f  tl>.-  n.ain  n-s.-a.rh.-s  !..,■  th- loM.a 

X.     ,1-..  ^.•s,.n.-.l.     Th..  sh.dt,T  f..,-  tins  t.d.-s..,.,.  was  not  .on,- 
i  V,„,rd  tl.- Munn.-r  ,,tM..K.s.  an.l  tlu.  .•oUM.l.'tion  ,,.  th.- -olar  sp..,., ,,.. 

'  :  ,  ;  ,l.-lav.-,l  untd  a  sonu-what  lat.-,-  .lat.-.     Tlu-  plan.-  .-atn.,  u.-, 

•       I;.  i;.stnun.-nt  was  ..n.-  ..f  ^^.^.A..n'.  .-aHv  att.-t.pt.    avn„  an   .-,1 
su,fa,-..  about  o  l.y   M  n.U..  with  :>m  hn..s  to  th..  ""'  |'";   ^       ',  ; 
.,f  this  so..n  show.-.l  that  ih.-  d.-linitum  snv.-n  was  po.u   an.l  th.U   th. 
.  ...,i„.  ,,a.l  s.mu.  .-un..us  f.u-al  p,..p.-.lu-s..      Pn-linunary  .n.-asun-s  of 
:::..-  ;.tati..n  platos  n.a.l.-  with  tnis  ..-atin,  show.-l  ..wn..  to  tu- d     us 
,,,,.,.  .,  ,h.-  lin.-s,  hi.h  prohal.1.-  ..n-or^  an,    .t  was  f.dt  th:.  sa  ..     .    -  > 
results  w.-n-  inM>..ssil.l.-.--     It  was  no(  untd  tlu-  spnnu  of     '.M  >    h.  t   ^ 

;.w   n-  tin.'    N,  .  .v..  ndo-l  sp.-.-ially  f..r  this  work,  l.y  IT.-t    Muh.-  son 
"^  .d  ;       M.-    This  ha.l  a  nil...!  surfa.-.-  .d  ^  X  ^  iu-h.-s  w,,h  TOO  u,.. 

tho  „ullinu-tn.  an.l  ,av..  v.-,y  l-i.ht   s tva  wit I  •<  ....-.,. 

Th..  asti,n,at;  -n  pn-s..nt  was  slu.wn  1..  !«■  .lu..  t,.  th..  hn.-s  ,.t    lu-    ul  n. 

Jt  l..-in«  ..uit.  sfai.ht.  an.l  was  .-ntindy  n-nu.v.-,l  wlu-n  ahout  ,.,.- 
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nnii-  i.f  tli.wr  I.^M-il,  was  .uTulfcl.  Th,-  ,l..fi,nti.m  was  impn.vc.l  l.v 
mu-lMiiir  o.ir  cn.l  „{  tlir  luliMf:  to  the  cxirnt  of  two  i.„-lu-s,  so  tliat  tlii" 
Mil.M  Miff;..'.'  i»  us,,  was  iv,l„c,.,l  to  al.out  .'i  X  :M  inchf.s. '  Kv,-,,  witli 
this  n.luclMm  in  su.fac..  the  spectra  were  so  i.ri;;!,,  .,,,  onlv  to  ic(niii(. 
.•oinpaiMtivrly  shon  exposures  in  the  L>n.l  an,l  .-{r.l  orders.  The  piineipnl 
•  hflieulty  reniainiuf:  seen.e.l  to  he  a  certain  amount  of  .htTuse.l  li-ht 
whirh  Moc|.;e,l  up  the  lines,  .lin.inishin-the  e.mtrast.  an.l  increasing;  tlie 
(liflicuhy  and  prolialile  error  of  ineasurement. 

Mi.helson  very  -.-nerously  olTere.l  to  furnish  a  new  -ratin.'  ,„, 
iHTount  .,1  liies,.  defects,  .ind  in  tlie  autunm  of  1!»1().  we  rece^  ,.d  .Matin- 
No.  i:;  wiih  a  ruled  surhn  ■■  tlj  ;<  ->;  inches  havin-  al.out  .-.S(t  hnes'to  the 
"iilli'netre.  Ijus  was  th,-  ^ratinj;  use.l  hy  Cale  an,l  L..n.on  m  th,.ir 
uiv,-.M^at„.n  on  th.'  mercury  lin,'s  ami  the  one  us,.,l  l,v  .Mi,hels„„  j,, 
hi>  lalMu-atory.  and  i<  undouhu.lly  a  v.-ry  fine  instrum.Mil.  Mut  at-M 
sliuued  that,  lor  th,-  purpos,.  r,M,uire,l  in  this  work,  its  smaller  ,lisp,M-si„n 
and  luuvr  hnditn,'.ss  n-ndercl  ii  not  so  suital.le  as  the  former,  which 
wa-  ri,n>,i|u,ntly  retaine,!. 

Within  th,-  last  UM.ntii  or  .so  a  plane  uratinji.  rule,!  l,v  .\nd,'rson  at 
•Fnhns  ih.pkn.s.  has  i„M-n  n-c-ive,!  an,l  tosu.l     This  -ratinj;  has  a  n.l,.,l 

surla,r  ;{;    <  T)  uu'hes  with  lo.OOO  lines  to  th,'  in,h.      This  .natii iv,'s 

d.lMMMnn  of  ahout  the  same  ,,uality  as  the  Mich.'lson  -ratin-  with 
n'.'d.un  iron,  .lilTus.'d  h.ht,  .so  that  th.'r.'  is  .'onsi.l.'raMe  more  nmtras. 
t-euvcn  th,'  i,n,'s  an.l  .■ontinuous  sp.'.-trum  an,l  c,.nse,,u.'ntlv  jrreat,'r 
•■a-  and  accur.'icy  ,,f  measun'ineni .  rnf,.nunal,'lv.  lh,'r,'  Ts  •,!<„ 
a>immai,sm  pr..s,.nt,  which  is  only  salisfa.'torilv  reinov,',|  wh,'n  al.out 
tluy,-f,tths  ,.f  the  lenjilh  of  tlu'  lin.'s  is  ocuh,',!.  Ilowev.'r.  the  wh,.le 
vidtl,  ot  tlu'  rulum  .'an  I.,'  utilized  and  it  oivs  fjoo,!  r,'.s,.lvin-  power 
anci  i-  taiily  l.nuht  in  the  third  onler. 

A  I  ,ru,'  numher  ,.f  ,xp,.rim,'ntal  an,l  test  ).lates  hav  l,een  ma,|e 
with  ih,M'  tour  -patin-s  to  d,'t,.rmin,'  th,'  comlitions  un,ler  which  the 
"■si  r,.s„lts  ,.an  l„.  ol.iain,',!.  ("onsi.h'raMe  ,'XiKTimentation  with  ,lif- 
''■"•nt  mak,'s  an,|  l.rands  of  pjafs  has  als,.  heen  umle.laken  t,.  .ietern-ine 
the  mo.i  ..ntahie  .'mulsion.  The  S,',..l  Contrast  I'roc.'.ss  s,n'ms  the 
1"'M    lor  ti,..  work  at    /.    lL'.-,(l.  while  the  Cranu'r  Iso.    Proces.  jias  heen 

s.'lec,,.d  lor  the  rcuion  /  rMH).       \  trial  was  ma,!,>  of  tlu-  S 1    IVocss 

s|  nned   with    laytlirosin    for  work  in   the  lalti'r  re-ion.  hut   ahhou-h 

th,'yar,.,,t.som,'whatfiii.'r -rain  than  til,' (Vaiiu'r.  the  trouhl,' of  stainin- 

''"'   ' ■   '^'■•'I'l'iii  'Pialities.  ami  the  bck  of  unitormitv         -iu'ccsmnv 

''.■'"■!m-  l.'d  to  th,'  c:  ,,i,.,.  „f  ,|„.  con,mer,'ially  prei.ar,',!  "o.  t ,,  .,  hromatic 
|)lali  ,-. 

In  .!„'  ,|,t..rminaii,>ii  of  th,'  .^.lar  rotati,m  hv  the  measiirenu'nts 
"t  line  .lisplacm.'nls  at  oppo<it,.  Ii,;,|,s.  the  thr.'e  most  important  ami 
llite'-e-tiiii;  points  to  he  .m  ttleil  are:  — 
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1.  The  ;ic1ii:il  vclucit y  ipf  nttatiuii  id  the  ililTiTciit  l:ilituil<'<  wiili 
th.'  law  CDimcctiiin  tlic  i'Ikitisic  of  aiimilar  v.-lority  with  ilic  laiitu.l' 

2.  Wlictlicr  till-  lotaliiiiial  velocity  of  itif  sun  is  constant. 

;j.  Wlictlicr  the  velocity  olnainctl  from  ilitTercnt  elements,  say  those 
at  hiuher  or  lower  levels  in  tlic  solar  at liiosiiliei-e,  is  constant. 

For  the  ailcpiate  iliscussion  of  the  first  two  |.rol>lem>  a  loiii:  e\- 
teiiiled  series  of  in  vest  i;;at  ions  is  necessary,  ami  they  naturally  can  not 
lie  touched  upon  here.  The  third  qiiestinn  also  reiniiri's  much  more 
observational  material  than  we  now  have,  before  any  definite  statement 
can  Ih-  made,  .\dams'  results  show  that  there  are  considerable  ditTer- 
eiices  in  the  values  pven  by  dilTerent  elements.  The  lines  of  carbon 
and  lanthanum.  i>rcsuinably  at  a  lower  level,  ^ive  lower  rotational 
velocities  than  the  ireneral  reversini:  layer,  one  line  of  mansrani'se  mves 
a  higher  value,  and  the  blue  line  of  calcium  /  »'.'-'7  and  1I„  iiive  much 
hijrher  values.  Schlesiii;j:er,  on  the  contrary,  in  a  preliminary  i.api  r 
U'iven  at  the  last  meeting  of  the  .\stronoinical  .\st rophy-ical  Society  and 
i.f  .\merica,  states  thai  any  differeni'es  he  obtained  in  the  reversini;  laver 
were  not  jiivater  than  and  not  distiiiLMiishaiile  from  the  aci  iilenlal  crr<ir- 
of  measui-ement . 

It  seemed  di'sirable  to  us  therefore  to  test  this  matter,  ami  a.tint,' 
on  the  supposition  that  lli«'  small  dilTerences  obtained  i>y  .V.lams  nn-ht 
bo  due  to  subjective  errors  in  measui-emiiit  caused  l>y  the  character 
of  the  lines  themselves  and  not  to  an  actual  shift  due  to  different  velo- 
cities, a  scheme  was  devised  for  testinir  this  supposition.  .\  special 
slit  was  made  with  an  attachment  in  the  centre  of  the  jav's.  which  dis- 

.     ■      ,    1-  .  . ..;..  ..I ,.;ii;„>...v.. 


Iiced  transvcrselv  to  anv  desired  .listance  a  sirij)  about  a  millimitre 

-        this 


lon<:.  It  is  evident  that,  by  placinj;  a  suitable  diai.lira.mii  over  this 
attachment  to  limit  the  widths'of  the  spectrum  obtained,  om  can 
produce  three  strips  of  spectra  of  the  same  width  and  sep:uated  bv  t!ie 
.same  distance  as  those  made  by  the  rellectinj;  iirism  anan-^ement .  and, 
moreover,  the  lines  of  the  centre  .-trip  may  Ih>  displaced  any  de-ii.d 
distance  to  the  red  or  violet  of  th'  lines  of  the  outside  strips,  uivmu  the 
same  efTect  ami  appearance  as  rotation  spectra,  except  that  the  dis- 
placement of  the  lines  is  arbitrary  and  exactly  the  saire  for  eai'h.  .\ 
series  of  jilatcs  were  made  with  this  brolicii  >lit  at  the  rei^ion  .'.  I.'IHI- 
■}:5()().  the  same  reiiion  as  usimI  by  .\dams  aiol  I'liosen  a-  the  general 
region  fm-  uiiivers.-d  observation  by  th(-  Kotalion  ('<.mmittee  of  the 
Solar  Tnion.  Thes"  spectra  were  m;ide  by  seitini;  the  sun  on  the  slit 
uttachment  at  the  sa  ne  distance  within  the  iimb  as  the  rotation  sjH'ctra 
an>  obtained.  We  will  tliiMi  have  evidently  spectra  exactlv  identical 
in  ajipearance  with  rotation  >pectra.  measuralile  in  evactlythe  saineway. 
but  with  a  displacement  that  we  know  must  ti.e  same  for  each  line. 
Twelve  of  these  sjiectra  were  measuied  i)y  each  of  us,  the  lines  measured 
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1.")  ill  all,  iM'iiij;  jjivfti  in  the  tallies  of  displaconipnts  following.     From 
fiio  -Jth  to  the  i;}th  iiicliisivo,  arc  the  lines  solcctcd  for  incasimMiiPnt 
liy  the  Hdtalioii  ("oiiiiiiittec;   the  first  three  and  the  last  two  are  lines 
used  by  Adams,  which  are  of  interest  on  account  of  nivinR  a  difTereiit 
\(l()city  value  from  the  general  reversing  layer.     The  measurements 
were  all  made  on  a  special  Toci)fer  measurinjj  engine  having  a  micro- 
meter scivw  of  ().">  mm.  pitch,  and  300  mm.  long.     The  head  rt>ads 
directly  to  tliousanihhs  and  by  estimation  to  ten  thousandths  of  a  milli- 
iiictic.     The  jilates  were  measured  in  the  usual  w..y  by  making  4  settings 
on  the  cent  ral  st  rip.  and  2  each  on  top  and  bottom  strips.     The  difference 
(if  the  means  is  the  displacement.     When  the  measure  is  completed 
the  plate  is  reversed  on  the  carnage  and  rc>mea.sured  as  iH'fore.     Thus 
each  displacement  is  the  mean  of  S  settings.     There  is  .some  iu(hcation 
of  a  slight  systematic  difTerence  in  the  displacements  obtained  in  the 
two  posit  ions  of  the  plate,  sufficient  to  indicate  the  desirability  of  measur- 
ing both   ways.     In   any  ca.se  the  lines  frequently  have  a  different 
apiM'arai.  e    on     reversal    and    no    doubt    a      much     mon'     accurate 
value  cf  the  dispiacenu'iit  is  obtained.     The  displacements  and  probable 
errors  in  the  following  tables  are  given  in  ten  thousandths  of  a  milli- 
met'-e. 

DlsPLACKMENTS. 

(Measured  by  I'laskett.) 


Plate  N 

o.  t)99. 
d      i    V 

f 

Plate  No.  701. 



Line 

a 

1) 

c 

a 

1, 

e 

d 

• 

f 

ll!«i  f.(t!l 

(is:! 

H'.)-2 

710 

704 

70<t 

.(1(1 

()9:i 

717 

r,s:{ 

(i93 

711 

704 

)l".'7-2.'i7 

70(1 

7H1 

711 

70.") 

7l!t 

7(K) 

717 

702 

715 

()9() 

(iSl 

699 

IJlli    IHIi 

liss 

71(1 

(l,s'.» 

(i>((l 

7(H> 

702 

704 

709 

(199 

(1S9 

703 

705 

tl!'J0  .'HKl 

llsCi 

C.'U 

70.") 

(iSS 

()!•.-) 

704 

710 

(194 

(192 

()9(> 

70(1 

709 

4'JL'.')  t'>l<» 

7o:{ 

(iSS 

7(H1 

(ISf) 

70.") 

704 

(19(1 

70S 

710 

()9() 

tW3 

699 

•1J:VJ  ss7 

tis<» 

('>77 

()'.».") 

701 

(1S4 

119(1 

715 

707 

7o:{ 

(1S9 

705 

695 

■tJtl   'Js.-) 

(i<l2 

70S 

704 

r><)(i 

(191 

710 

710 

711 

707 

702 

(IS9 

716 

tL'ltiiHW 

i;vii 

(>7.') 

iWA 

(1S2 

()9,") 

7(K) 

707 

()99 

701 

f)S5 

f>,S7 

6S9 

4J.J7M.") 

(17.") 

(I'.Ci 

(17.") 

717 

70S 

7i;< 

711 

713 

7(K) 

(19S 

69S 

■(■.'.■)S  •  477 

"'11 

(1!»7 

(i<n 

(191 

7o:{ 

715 

705 

71(1 

()S9 

(iS5 

701 

4Jtlti()SI 

ti, 

■ 

721 

f)S2 

707 

712 

»i9S 

70r) 

721 

7(K) 

f)S7 

• 

6S9 

4  JUS.  !»!."> 

ti.Sl 

..It 

(Ht.s 

(ls2 

717 

707 

712 

711 

70S 

(19(1 

(i9») 

710 

4.!7ti  ,s:i(i 

(i9l 

(IIM 

70S 

t)S4 

7(M) 

(ISd 

711 

705 

(i9S 

702 

712 

709 

4l'il():i77 

l>!K) 

(Wd  i 

70.-) 

(><)'.) 

7(M) 

(19(1 

im 

(195 

713 

(193 

709 

704 

42!Uti;«)  . 

7(K) 
()!»2 

RSI  ' 

fi'Jo 
702 

t)S() 
f)91 

715 

710 

713 

709 

-11 

700 

0S4 
(194 

706 
697 

700 

Mean  Disp 

704 

7m 

70.S 

7(H) 

702 

1'.  K-SiiiRlf  Lino 

1)1 

(l-O 

()  4 

7  2 

40 

50 

4  2 

6S 

3-9 

7  4 

50 

5  6 

Average   proliahle   error  .single  line ±  -00059 mm. 

'■     plate +.  .00016     " 

di.spIaoement -0700      " 

Probable  error  displacement,  single  plate ±:  ■(X)041     " 
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DislM.ACKMKNTH. 

iMi'a^iiri'tl  by  Dil.ury.^ 


Linr. 

41".M>  lilKt 
41'.t7  'J.V 
IJK)  i:«'. 
f.*2(»  .VKt 
r.'-.'.'i  (il'.l 
l'.':v.'  s^7 
4J11  2v. 
42 1(1  '.('.Ml 
42.'>7  sl.'i 
42.'iS  477 
42(1(1  (IM 
42(W  <.»1.'> 
427(1  SSd 
42(Mi:C7 
12',»1   (IHO 


I'lat.'    No    (>'.»".•. 


f.47 
(■:<4 
701 
(i:{2 
7:r> 
tis2 

(1S>. 

(i;i',) 

(I'.Ct 
tl<t2 

tlHS 

71.'. 
711 
717 


(ISS 

7!ts 

(l^sd 

72") 
(i:v2 

(1<.>2 
(l.■>^ 
Mi 
.V.t'.t 

(i7:< 
717 
(ls<t 
(170 
7s."> 
(1(14 


7(H  ! 

70X  ! 
702 
7lt 
7."i2 

7i;t 
(i:i:{ 
710 
(i:.o 
702 
(17(1 
(ll'.t 
(.:i  1 
70^ 
(l(i7 


a 

71S 

(;it7 

70.'i 
(i:v,» 

(17  Ti 

7:« 

(17(1 
(N.'l 
(is;i 
704 

(I'll 

721 

(Ht7 
7     711 


l'!:it.'   N'<>    701. 


(•'•I 
707 
721 

(WS 

(>7'.> 
(17s 
727 
7o^t 
(177 
(Ins 
(17(1 
(17:! 
702 
(I'll 
7lHI 


70H  ' 
(W2 

711   ; 

iis.")  I 
727  : 
(i:«."i 

MIS 
7.'>l  i 
7:t(i 

(V.»S 

(17:{ 

(I'.C. 
(i'.(2 
(17s 
(Iss 


11 

(12 » 
(11(1 

(I'Ml 

74:> 
(i7:f 

(i7'.( 

7:!(i 
(i:.l 

(I'NI 

7o;i 
(i7."i 
(i.'ilt 
717 
74:1 
717 


l> 

7ol 
701 
(isd 
72(1 
7s2 
72*> 

(i:.i 

(l.'id 

7(i:i 
diM 
(Kd 
7o:i 

7(HI 

7;t7 
(1(11 


c 

(■to 
(11(1 
720 

(I'HI 

7:!7 
7((0 
7i:> 

72d 
-■>■» 

70(1 
7.V.t 
dl'.i 
7:(o 
714 
701 


721 
772 
(isj 

(i:.  1 
72:< 

7I<( 

7:.i 
701 

(111 

d7."> 
721 
(1117 
(ls7 

7;i."> 
(i:!(i 


(i(('( 
(17."i 
71  I 
(ls7 
72;i 

(Iss 
ddi 

ddt 
702 
(Ws 
(ld(> 
;  7(Hl 
i  (1(12 

i  7;i(( 
;  (i'.(2 


M.'ui  V.lv  d7s     (isd    d'.td    (i'.id    d-.tl     707     d'Kl    (HC.)     702    dV'.i    (l'.>^' 

lM:.Sini:i,l.i,.o  :U   (i  :«  1   211  2   15. 5  11  3  27  >•  2i.  5  2<l  7  2d  ;.  27  2  14  s 


t 

717 
d(i:< 
7i:> 
700 
7;t;i 

dd.'l 
(!.'>(  I 
(Is  7 

(Iss 
(14.'. 
dill 

dsd 

(17s 
721 

dsd 

2'.t;j 


Avcnipc    prohahlf    error  Siiiglc  I.iiii' 

■     rUiti-  

ni-'Tilatvmcnl 
rrohahlf  error  displai-iment  siiitli-  plat.-. 


•  002."i.">  mm. 

■  (KKM15     •• 

■  (Ml!»l 
(KHIsO     " 


Mkan  Idiri.M  KMKsrs  (ic  Links. 


I'la-ki-tt. 


Itcl.urv. 


I.iiic. 

l^lcmciit. 

liitcii>ity. 

tiiiality. 

Mi'.-m 
Di-^p. 

I'n.l.. 
Ilrnir. 

Ml 

ail 

rn.i., 

l>ror. 

4  I'm-. ■><)'.• 

41'.l7-2.".7 
421(1   i:!d 
4220  ..".Oil 
422."i  (ll'.( 
12:V2  ss7 
1211   2s.-) 

(• 
(■ 
If 

IV 
IV 

.» 
.» 

r? 

:i 
•> 

A-yimn'l 

<1(H)(1 

N';iiTO>v 

0  700 
70(1 
7(H» 
(Ills 

(Ills 
di»7 

•   ■(KK)7(1 
si 
52 
.50 
4s 
tVs 

(HIOI 

dsi 

705 
(Ills 
711 
d'.»2 

•    (H)2(>7 
427 
1  Id 
2:i'.t 
;tlo 
l'.t7 

IV-Zr 

'2 

7o:{ 

5s 
(It 

701 

:ui 

4''  Id  <t')d 

t'-C 

'i 

\  (TV  liroail 

(l'.t2 

42,57  SI. 5 
42.5S  477 
42(.d.OSl 
42dS.!»15 

Mil 

Mil 
\       I'l- 

2 
.> 
2 

DilTiiM'     . 
Hroa.i 
I'air 
(IoimI 

700 
d(»".l 
701 
702 

(1. 
51 

7:i 
51 

1 
i 

d>)l 
(Isit 

(ISI 
d()7 

:U(i 
".17 

27  s 
2'.KI 
22s 
2S1 

427(1  s:«( 

1       Zr 

•J 

DilTiiH. 

7(H) 

.>s 

42'.M)  :i77 

Ti 

1 

Hroail 

7(H) 

l>- 

( l< 

42'.>l(i:{0 

IV- 

'J 

" 

701 

.1 

IIS 
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In  (li-ciissiii;;  these  iiiea-'iii'es  anil  |irul)ali!e  crniis  it  will  lx>  iiuied 
that  the  |)nil>alile  eiiur  of  one  olix'iver  is  coiisiilefaldy  the  j;re:iter, 
tlii>  iK'i.ii:  |iiolialily  iliie  to  le-s  e\|)eiienci'  in  s|)eetrutii  iiieasuteinents, 
('on>iiieial)le  more  weinht  >houl(l  !«•  ^Mven  to  the  icsults  with  the  lower 
|)r<il>alile  eitor. 

In  the  first  |ila(e,  the  nie;in  ili'|>!acement  ;riveii  l>y  the  nieasiircs 
'if  al'  lines  on  all  plates  is  inaetieally  the  saiiu'  for  the  two  olwerverH, 
the  ililTerenee  Kein;:  too  small  to  lie  sy>teinatie.  In  this  (•(intiection 
it  ma>'  lie  unrih  noting;  that  measuro  of  lines  I,  .">,  (1,  7,  S,  probaMv  the 
(i\e  lie>t  lines  ill  the  lifteeii,  on  one  of  the  plates  hy  (i  ohsei'vers  showed 
(■on>iileialile  ililTeiences  in  the  mean  ilisplaeements,  there  lieins  a  dif- 
ferenee  of  about  •()();j  mm.  between  the  hi^'hest  -UTOr  mill,  and  lowest 
•  (1(171  mm.  The  ticnd  of  the  measuies  seemed  to  indirate  that  the 
irreati  I-  the  e\perience  of  the  measurer  the  hi<:her  the  measured  dis- 
placement, It  is  dilficult  to  as>ii:ti  any  reason  for  smh  a|)pareiitly 
systeniatii'  dilTeiences.  and  allhouf;h  not  sullicient  ilata  are  a.  present 
available,  it  is  evident  that  some  attention  nuist  be  bestowed  upon  tliis 
phase  of  the  (piestion.  Such  a  dilTerence  in  the  measures  of  a  rotation 
jilate  wouM  correspond  to  a  dilTen'iice  of  about  .'5' ,'  in  the  value  uf  tlie 
rotation  at  the  ei|uator. 

In  the  second  ])lace.  consideriiif;  the  dilTerences  in  displacements 
^iven  by  dilTerent  lines,  they  appear  to  be  on  tin-  whole  accidental  in 
character,  thoujrh.  in  the  case  of  IMaskett's  measures,  there  are  at  least 
two  lines.  ("  tl!l7-L'."i7  and  Sc  iL' t(;.!)!)ii,  one  asymmetriral  and  the 
other  very  broau,  showini;  systematic  deviations  from  the  mean  };reater 
than  attributable  to  accidental  error.  There  are  even  fjreater  differ- 
ences in  I)e  I.ury's  values,  but  owiiif;  to  his  larfjer  probable  error  they 
can  not  proiiably  be  delinitely  assumeil  to  be  systematic  in  character. 

There  is  thus  seen  to  be  a  possibility  that  the  character  of  the  lines 
themselves  ni  ,  lead  to  <lill'erences  in  the  measured  displacement,  of 
alioui  the  same  amount  as  those  t'ouml  by  Adams  in  the  rotation  values. 
It  is  (luestionable  whether  the  dilVereiu'es  heii"  foimd  are  sullicient  to 
account  for  all  the  discrepancies  found  by  .\dams.  as  they  do  not  ajiply 
to  all  the  lines,  and  the  (|uestion  can  only  be  definitely  settled  by  the 
employment  of  much  more  material,  such  as  that  to  be  secured  by  the 
committee,  than  is  at   pri'sent  available. 

The  [irobalile  errors  of  measurement  of  an  average  line  liy  I'laskett 
is  J.  •done,  mm,,  e(|uivalent  with  the  dispersion  used  to  -  •(!!:{  km,  hi  the 
rotation  value,  which  is  of  aiiout  the  same  order  as  those  obtained  by 
Adam>, 

It  is  oidy  nec<'ssai-y  to  say  a  few  words  in  this  pajier  aliout  the 
procedure  followeil  m  making'  the  rotation  plates,  as  that  will  be  dis- 
cussed at  frreater  lenf::th  in  a  future  pajter  when  ilefinite  results  will  be 


,,„l,list,.-,l.     TlH'M-  a,v  f..M.-  .-..M.t.al  ,.r.vau..u.,s  n.-.rssary  -n  ul,t.mn>i; 
.„.,.„,:it.'  vain.-. .fill.-  x'lar  intati.Mi. 

,.    n,.,  ...MuNinn  uM  tl,-  pl.ntn.M-al.lur  i-laf  n.uM  U-  ••xartly  in  tlw 
fm'iis  of  tlic  >iiiTtnim. 

•J,  T>i.  illuM.maimn  ..f  11...  i^ratiM^  fn.m  tlw  ..IM"-"'-  '""'-  "f  ''"' 
sun  nnist  !«•  similar  ami  iinifonn. 

:}.  Th.-  solar  .l.'linili.m  .MU>t  !«■  - 1.  an.l  tlu-  sky  fiv.-  fn.in  l.a/o. 

I.  run-  niu-1  h."  tak.^n  iliat  i!i.'  .rlLTtini:  piisn.s  .v,vi\v  h-l.t  from 

the  latililili's  tloiri'il. 

I  .uul  •  al-ovc,  ron.litions  i.iM.lr  111.'  si-Mtro-rai-li.  ar.'  rs-mtiai  m 
,„,-v..,...nf:  >l.urious  .lw,.la.-..n..nts  ol  tl,.  s,,..,tnu.,  Im-s  p,u,lu.-m« 
'v-t.-n.aii.-  nnM^  u.  iIh'  .otation  valur.       It  .•i.h.T  .•on.lition  .s  rxartly 

fulli!!..l  thr  oth.T  .s  not  ^o  ...smtial.  l-.t  as  it  i^  nni ,M.-  ntluT  to 

k......  tl,..  plat.-  at  th.-  ././W  lo,u.  or  to  hav  „^^../.^^,  .-.lual  and  u>..|onn 

i„„;„i„„i.,„   f,.„n  tl..  tw,.  r,.nl.s.  tl...  only  saf.-  pn.n.lu,.  w  to   lulhi 

l.o,h  nm.h.ions  as  .1 ly  a.  ,.o.mM...     T1..-  fo.ns  n.av  U-  .l.t-rnnn-, 

,,i,l„.,-  l.y  th.-  .Iflinition  tcM  or  pnlnaLlv  l,y  tl,r  IIartn,anu  n,.H,o,l  ot 

fxtni-foral  i'\posiiif>.  _ 

I,  l,a<  l..'.'n  foun.i  Ihmv  that  in  tlir  iv-ion  aroun.l  /•  -cno  th.'  h-al 
Mufan'  is  n.Mth.'r  .'xartlv  normal  to  tl>-  axi^  nor  .<  it  a  l-la-.-'.  1  h-' 
„„nnal  to  thr  snrfar-  is  inrhnr,!  about  1  to  th-  .,onnal  to  th-  aMs.  and 
Ihr  forus  is  ahont  -'••■.  mm.  l.-n-rr  at  ihc  .Tntn'  than  at  th-  .■...!.  ol  a 

,.„,,  :i„  ,,„,.  1,,,,..    <'o„^,.,p"'>"l.v  ^l"'  I'l^'"'^  ^"■•'  '"■'"  '"  ''',"  '"'T'- 
'urvatnr.  a.nl  inrlin-.l  at  thr  prop.-r  an.1.'.  so  that  th..  whol..  l.-n._^h  ot 
.p.Mtnun  tnav  )..■  i.i  f-.-us.     Th..  ..luahtv  of  iUuininat.o,,  w  t.-^t-.l  by 

.,p,,,iiii:  th..  sht  sufh.-i..ntlv  %vi,l.'  to  MM.,  tl    oud.  th..  .l.M.r  at  th.'  r-.ar  of 
th.>  sp,...tr..uraph.  th.'  .•ii.-U-  ..f  hdit   tin.  .vn  on  th..  .•..Ihtiiator  l.y  t ho 
ron.av.>  inirn.r.      In  this  way  th.'  prisms  ,.an  1...  >o  a.ljuM...!  that  the 
two  itna".-s  a...-  >up.-rp..s..,l  an.l  iMiil..rm  illuininalM.i,  nnnh  m..r.-  .-lo^.h- 
„l,lain...l  than  wli.ti  ......  oi.s....v..s  with  a  slit  ..f  n..f...al  width  th.-  urat.ng 

s.irfa.o  f.'o..i  th."  position  of  th.'  jilal... 

:5  anil    1  a..'  ..ss..ntial  ....... litions  ..utsi.l.'  th.-  six-ct  .-..-.ai.t..      I  ho 

forn..M.  is  maintain...!  hv  ..xi...sins;  tl..'  mirn..>  t..  th.-  sun  ....ly  .lu..n^ 

th.-  a..tiial  oxp..su.-..s.  an-i  sha.lin-  tl......  for  a  Mitii.M.ntlv  L.ni;  ...fi  yal 

lH.tw.'.-ri  oxp..su.vs  t..  alL.w  thon.  to  f..tui-n  t..  th.ir  ....rnial  slat...      Ih.. 

laltor  is  ari-an^'...l  l.v  ..a.vf.il  ,l..torminati.m.  fi.st.  ..f  tl...  .-Na.-t  p..Mti..n 

on  tho  ...itor  plat.,  at  whi.h  tl...  lifzht  is  im.i.|.-nt.  which  pas-..^  th......i;h 

11,0  slit  fn.i.i  oa.'h  lin.h,  ami  >...•..!.. I.  that  this  p..siti..n  .s  .'xa.tly  pla.-.'.! 
on  tho  .l-sin-.l  latit.i.l.-.  Th.-  p..siti..n  an-l''  is  ..l.tai...'.!,  l>y  th..  a.. I  ..f 
lahlos  ,,f  tl...  p....-iti..n  an^l..  of  th..  suti's  a\i~,  f.-o...  tl...  Ka^t  an.l  W  .-St  l.n... 

,l,.lo.-mii....l   l.v  >t..ppin^r  th..   ......l.-stat    .-l.-.-k  an.l   al!..wini:  tl...   s.n.  s 

imai:..  to  .liift  a.-n.ss  tho  faoo  ..f  tho  spo.ti-..«.aph,  as  m..nii..n...l  al-.-v... 
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W.'  ilfi  iH.i  pn.|M,:.r  ill  fhi-  pa|MT  to  piiMish  any  ilcfiniuvc  values 
(if  III.'  snlur  rutaiioi,.  tlicy  will  1«'  withlu'ld  until  ii  faeries  has  Ix-cn  ob- 
tain.■.!  an<l   ni.a-^iir.'il.      If    may  \h-  „f  int. •rest,  however,  t.i  present   a 

few   niea^iires  ,.f  miii f  tli.'  evpeiinii'iital  plates  ohtaine.l  whieh  will 

>;ive  ati  iilea  of  thi'  relative  ai'iiirai'y  attaiiialil.'. 

■I'll.'  iiieaMin-  driven  in  th<"  f<.||..winf;  tal.le  are  of  plates  at  ((°  latitu.io 
olitain.'.l  n.'arly  a  y.-ar  au'o.  shortly  after  uratinj;  \o.  :,:,  was  receivo.l. 
They  wiMv  tak.'ii  in  the  s.Moinl  ..nl.T  of  this  >rratin«  alM.ut  the  n-pon 
/  I.VMI.  ulii.l,  was  us.'.|  Ufnir  tli.>  .l.^finit.'  allotment  of  n-fions  at  the 
S.hu  rnicm.  The  lin.Mr  .li>|M'isi,.n  h.'iv  is  al.out  |.(»_'  Angstroms  to 
th.'  niiilini.'tiv.  .nnsi.l.ial.ly  l.'ss  than  iw.-|  l,v  A.lams.  J|,,wcv.t,  the 
ilefitiition  in  the  -.'n.l  or.lcr  was  s..  niinh  Utter  than  that  in  the  .M  at 
this  tri;i,.n  as  I,.  m.,re  than  eom|M'n>.ite  f  >r  the  .liniinishe.l  .lisiwivinn 
•J!t  lin.'s  were  ineasnre.l  on  ea.li  plat.-  l.y  i'iaskett  with  the  result  sho- 
U'low 
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I. 'I 


(rL\l>K>TT-Dt  LI  lit 

Thnr  i^  fair  Mi:nTn,.„t  !.'t«.M.|.  tlir  vmI-h's  uf  tl..'  r..ta..u„.  ahl..-.-!. 
tho  tw..  laM   arr  low-i   than  tl.ry  xl.nul.l  In-.     Thi^  i^  I-r-l.al.lN   a.l.'  tn 

,1, ..■v.n   illuinmatiun  of  tl..-  roll,.nat..r  aii.l  i;ratM>i:  li-n.  . hr  .«.- 

li,„l..  of  ll.r  sun  a>  tl.r  ,.lat..,  wrn-  uv.uW  l-f-.v  thr  1h-M  ,nHlH..h  nt 
u,lj,.-.1in.ht  l.a.l  Ih-..,,  .1.-v.1.,,h.,I.  aii.l  Ihm.mv  thr  ...•.-.sMty  ..f  tl,.-  jt-at-t 
ciiri' ill  a.ljiisliiiriil  had  U'fii  n'comii/r.l. 

Th.-  at:r.Tni.'i.t  Uuwru  tho  vahi.-  f-.r  tl.r  .lilT.T.-nt  hm^s  w  u-""!. 
,...m-M...n.rmu  to  a  ,,r..l.al,l.-  .Tmr  of  lin.ar  inraM.iv.M.-nt  ol  1-s.  than  a 
n,irron.  This.  howrv.T.  was  only  attainr.l  l.y  thr  n.vat..>l  run-  and 
aft.T  consi.l.Tal.l.-  .-xixM-i.-n.-.-  in  m.-asuiin-  ih.--  roiat.on  i-latr,. 

It  Hives  us  nn-at  pl-'asiirr  to  a.kiu.wlr.l.^.-  th.-  rradin.-s  ..f  t  ,-• 
Din-.to,.  Dr.  W.  F.  Kin>:.  to  supi'ly  M  thf  nr.ar.l  apparatus,  an-hhr 
n.cowra  •■■nirnt  h.-  has  pv.-n  hi  tlu-  pro.r.ution  of  \\xv  work. 


Dominion  Ohscrvalory, 
Ottawa, 

June,  liUl. 
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